Neonatal mortality is drawing increased attention by the World Health Organization (WHO) and United Nations (UN) at this time. In one rural hospital, neonatal death within the first 48 hours was associated with increased gravida and parity and decreased birth weight. These findings should be used to develop risk screening tools that can be used at the community level.
Introduction
Between 1990 and 2015, worldwide progress has been made toward achieving the United Nation's Millennium Development Goal of reducing under-five mortality by two-thirds to reach a global target of 32 deaths/1000 live births [1] . However, deaths within the first 28 days of life, the neonatal period, have not dropped accordingly. Neonatal mortality remains a vital area of focus in order to reach the Millennium Development Goals. In, 2012, Sub-Saharan Africa reported the highest risk of neonatal mortality worldwide (32 deaths/1000 live births). Ghana's neonatal mortality rate in 2012 was reported as 28 deaths/1,000 live births [2] with a stillbirth rate of 24/1000. This compares to a rate of 4 neonatal deaths/1000 live births in the developed world [3] . The majority of the world's stillbirths and neonatal deaths occur where no clinical information is available to guide programs, and Ghana is no exception.
Much of the data used to estimate perinatal mortality in many West African countries are derived from complex statistical modeling techniques or from nationally representative demographic and health surveys. Despite the high neonatal mortality rate in Sub-Saharan Africa, individual data identifying risk factors for neonatal mortality and intrapartum stillbirth from the region remains sparse [4] . For this reason, infant mortality remains highest in the rural and central regions of Ghana, including Kasei where this study takes place [5] . This project seeks to identify risk factors of death within 48hr of delivery as a proximate measure of neonatal death. This information may then be used to guide local interventions.
Methods
St. Luke Hospital is a small, private hospital in Kasei, Ghana which serves an estimated catchment area of 300,000 individuals. The hospital has 24 adult inpatient beds, 8 pediatric inpatient beds, 4 surgical suites and a recently added 8 bed labor and delivery ward. Kasei is a rural village on the northern outskirts of the Ashanti region of central Ghana. The majority of inhabitants in this district are subsistence farmers who live in small, scattered villages. Patient records are kept in handwritten log books and charts.
Retrospective chart review on all deliveries at St. Luke's Hospital in Kasei, Ghana between the period of October 2011 and February 2013 was performed. The primary objective was to assess the rate of morality within 48hrs of delivery and to identify associated risk factors. 
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Abstract
Background: Under-5 mortality in Sub-Saharan Africa has decreased over the past two decades, yet neonatal morality remains high. A lack of reliable data is available in low-resource countries to inform interventions to reduce neonatal mortality. Local data from community hospitals can provide information and characteristics that may identify risk factors associated with neonatal mortality and stillbirth. This clinic-based data can be used to predict survival and inform community level interventions.
Materials and methods:
Retrospective chart review collected data on all deliveries between the period of October 2011 and February 2013 at a single hospital in rural Ghana. Maternal characteristics, neonatal characteristics and delivery narratives were collected. Variables collected included maternal age, previous number of pregnancies and previous number of deliveries. Neonatal characteristics recorded included gestational age, birth weight, Apgar scores and survival. Descriptive characteristics of the all deliveries were stratified by neonatal survival. Studentized t-tests, Wilcoxon rank sum and chi-squared analysis were used detect differences between those that survived and those that died. Univariate logistic regression analysis was then used to assess odds of neonatal mortality based on gravida and parity. In addition, chart narratives of neonatal deaths were used to identify most common causes of death.
Results: Data from 1239 deliveries was reviewed, including 54 fetal deaths within 48 hours after delivery. Increased number of previous pregnancies (p=0.0270), five or more previous deliveries (p=0.0460) and decreased birth weight (p=0.0089) were all associated with fetal demise. Furthermore, categorical univariate logistic regression To assess rate of neonatal mortality, delivery information was collected from local log books and entered into Microsoft access database for analysis. Variables included in the review were divided into maternal and fetal/neonatal. Maternal characteristics collected included age, number of total pregnancies, number of previous deliveries, gestational age at delivery and initial delivery outcome (stillbirth, live birth). Fetal/neonatal characteristics collected included gender, birth weight, Apgar scores at 1 and 5 minutes and neonatal mortality.
Data was analyzed using SAS Version 9.2. Descriptive analyses were conducted to describe maternal age, gestational age, birth weight, and gender. Mean was reported for variables with normal distribution including maternal age, and birth weight. Median was reported for variables with non-normal distribution including number of previous pregnancies, number of previous deliveries and gestational age.
All results were stratified by survival. Studentized t-tests were used to calculate p-values for normally distributed variables. Wilcoxon Rank Sum was used to calculate p-values for variables of skewed distribution. Chi-square tests were performed to calculate p-values for categorical variables. Number of previous maternal pregnancies and number of previous maternal deliveries were analyzed as both as continuous variables and categorical variables in order to further elucidate the relationship of these risk factors with neonatal mortality.
Univariate logistic regression analysis was performed to further assess the relationship between number of previous pregnancies, number of previous deliveries and neonatal mortality. Number of previous pregnancies and number of previous deliveries were each examined as categorical independent variables for this analysis. Odds ratios with 95% confidence intervals were computed. Prior to analysis a p-value <0.05 was set for significance.
All methods were approved by Virginia Tech Institutional Review Board.
Results
Data from 1239 deliveries and 1186 mothers between October 2011 and February 2013 were included in this analysis. Fifty-four (4.35%) deliveries resulted in a fetal death within the first 48 hours of life. This is a rate of 45 deaths/1000 live births. For all deliveries, the mean maternal age was 26.1 years. The median number of previous maternal pregnancies was 2 and median number of previous maternal deliveries was 1. Median gestational age was 38 weeks. Mean birth weight was 2.9 kilograms. When stratified by neonatal survival, there was a statistically significant difference between groups for number of previous maternal pregnancies (gravida) when examined as a continuous variable (p=0.0270). However, when analyzed as a categorical variable of less than 5 pregnancies vs 5 and greater pregnancies, no significant difference was found between groups (p=0.1048). Number of previous maternal deliveries (para) did not significantly different between survival strata when examined as a continuous variable (p=0.0512), but was significantly different between strata as a categorical value less than 5 vs 5 and greater (p=0.0460). Birth weight also differed significantly (p=0.0089). Maternal age (p=0.0792) and gestational age (p=0.9083) were not statistically different between neonates that survived and those that died. Results are shown in table 1.
Categorical univariate logistic regression analysis was performed to further elucidate the relationship between number of maternal pregnancies, number of maternal deliveries with neonatal death. Findings are reported in table 2.
Number of previous maternal pregnancies was defined as a categorical variable to compare mothers with less than four previous pregnancies to those with four or more previous pregnancies. The odds ratio for mothers with four or more previous pregnancies was 1.6036 with a 95% confidence interval of 0.9085 to 2.8305 and a p-value of 0.1033. The same variable was again modeled to compare mothers with less than five previous pregnancies to those with five or more previous pregnancies. The odds ratio for mothers with five or more previous pregnancies was 1.6068 with a 95% confidence interval of 0.8519 to 3.037 with a p-value of 0.1430.
Number of previous maternal deliveries was also modeled categorically to predict neonatal mortality. The odds ratio for mothers with four or more previous deliveries was 1.7231 with a 95% confidence interval of 0.8989 to 3.3033 with a p-value of 0.1013. The odds ratio for mothers with five or more previous deliveries was 2.2436 with a 95% confidence interval of 1.0585 to 4.7552 with a p-value of 0.0350.
Discussion
Factors associated with death within <48 hours of delivery include increased number of previous maternal pregnancies, increased number of previous deliveries, and decreased birth weight of the neonate. Decreased birth weight was a risk factor separate from gestational age according to the data. Categorical regression analysis indicated that five or more previous maternal deliveries significantly increased the risk of overall neonatal mortality.
Local data can be used to develop and inform interventions for neonatal deaths in this community in sub-Saharan Africa. This would be in concordance with the recent WHO 2014 World Health Assembly agenda [6] which provides new attention toward neonatal deaths on a global level. Community education, engagement, and mobilization have been used as strategies toward addressing health problems. There is moderate quality of evidence showing that increasing knowledge and promoting action within the community can increase hospital birth and reduce perinatal and early neonatal mortality [7] . This information could inform the development of a high risk birth screening tool to be used for education and distribution to hospital midwives and antenatal care nurses. Conversations have started with the St. Luke hospital staff as well as traditional birth attendants regarding how best to address the problem of neonatal mortality given their local information.
Implementation of such a tool and the behavior change regarding hospital-based delivery for those at risk may come with challenges. Many of the women at risk have successfully delivered children in out-of-hospital settings. Changing behavior to include hospital delivery for a mother who has had four previous pregnancies will be difficult unless this process is embraced as a community standard. Women in Tanzania were shown to be more likely to use maternal health services with their first-born child than with subsequent pregnancies [8] . Mothers with 1-4 children were more likely to deliver in facility than women with 5 or more children. Women in different parity groups were not statistically different in regard to their distant to nearest facility, female literacy, road conditions, or village poverty. Affordability and past experience with the health system constitute drivers of institutional delivery in this group [8] . All of these issues will be hurdles in tackling the problem of neonatal mortality worldwide.
The contributions of this study are best understood in light of its limitations. The collection of data entirely through retrospective chart review is not without downfalls. The ideal method of data collection used in similar studies includes postmortem interviews with family members and medical providers to establish cause of death. Unfortunately, these sources of data were unavailable for our study. In addition, our data was limited in that it only account for death within the first 48 hours after delivery. The definition of neonatal death is death within 28 days of delivery, but this sort of follow up is simply not possible in the studied setting. However, it is important to remember that previous studies suggest that 25% to 45% of all neonatal deaths occur in the first 24 hours of life so our data remains important [9] . Finally, it is important to understand that this data cannot be generalized to the community as a whole as it only provides clinic-based information and thus provides a conservative picture of mortality, as often those most at risk of complication are least likely to seek clinical care.
Conclusion
This study of data from a rural hospital system suggests that increased risk for neonatal death is significant in mothers with greater than five maternal pregnancies and deliveries. Screening tools to identify women with 5 or more previous pregnancies, women who are at risk of developing labor complications, could result in reduced neonatal death. Identifying these women early in pregnancy using community-based strategies may increase the number of women presenting to a healthcare facility early in labor in order to increase her chance of a healthy birth.
